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EXECUTIVE SUMMARY 
This study is part of the FHwA sponsored Special Project 202, "Break and-Seat 
of Jointed Reinforced Concrete Pavement" {SP-202). In addition to Kentucky, West 
Virginia, Ohio, and Louisiana are also participating in the project. The projects were 
constructed under the experimental design defined in the FHWA Document "Special 
Project 202 Technical Resource Forum", June 6 and 7, 1989. Breaking patterns of6, 
18, and 30 inches, along with a control section which was not broken were used in 
each of the participating states. 
The only major problem which occurred during construction occurred in the 
inside lane of the 6-inch test section. In this section, settlement of the broken slab 
was observed, causing the roller to sink into the underlying dense graded aggregate 
and subgrade. Subsequently, an area approximately 100 feet long was excavated and 
backfilled with large stone and full depth asphaltic concrete. The remainder of the 
construction process and installation of the monitoring gauges and access boxes went 
very well. 
The gauges are working; i.e., horizontal movement is being detected during the 
observation periods. The data currently are limited due to the long-term nature of 
the project. No conclusions on the relative performance of each test section can be 
made. Once more data become available during the upcoming evaluation periods, 
relative performance between each section will be evaluated. 
INTRODUCTION 
This research project is part of the FHWA sponsored Special Project 202, 
"Break and Seat of Jointed Reinforced Concrete Pavement" (SP-202). In addition to 
the sections located in Kentucky, similar projects have been conducted in West 
Virginia, Ohio, and Louisiana. 
The SP-202 projects in each state were constructed under the experimental 
design defined in the FHWA Document "Special Project 202 Technical Resource 
Forum", June 6 and 7, 1989. The primary difference between the projects in each 
state is the difference in thickness of the asphaltic concrete overlay. The same 
breaking patterns of 6, 18, and 30 inches, along with a control section using no 
breaking, were used in each of the participating states. In addition, traffic loadings 
and environmental factors also vary in each state. Kentucky will benefit from the 
comparison of its results with the results from the other participating states. 
This report will be broken into several sections dealing with various aspects 
of the project. Pre-break monitoring, construction monitoring, and post construction 
evaluations will be addressed in various sections of the report. 
SECTION DESCRIPTION AND LOCATION 
The SP-202 test sections are contained within a five-mile rehabilitation project 
on the Western Kentucky Parkway, in Grayson County. The rehabilitation project 
begins at Milepoint 90 and continues through Milepoint 95. This project is 
approximately 17 miles west of Leitchfield, Kentucky. This rehabilitation project was 
for the eastbound direction only, therefore all sections are in the eastbound lanes. 
The test sections were constructed across the inside and outside lanes. However, the 
performance monitoring of this project will focus on the outside lane. 
The existing section is a jointed, plain concrete pavement containing wire mesh 
reinforcement and doweled joints. The design structural section was nine inches of 
portland cement concrete on four inches of dense graded aggregate. The pavement 
section was constructed in 1963, and no major rehabilitation had occurred. 
The pavement structure had carried 2,456,000 Kentucky ESAL's (5,678,000 
AASHTO Rigid ESAL's) at the time of rehabilitation. The project annual 
accumulation for the year immediately following rehabilitation was 687,500 Ky 
ESAL's (646,250 AASHTO Flexible ESAL's). The complete loading history is 
contained in Appendix A. The project traffic loadings through the year 2001 are also 
provided. 
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There were no visible mid slab cracks in any of the areas selected for the test 
sections. The_m!_vement had a rideability index of 2.9 (5 to 0 decreasing scale) prior 
to overlay and a condition rating of 68 (0 to 100 increasing scale). There were several 
asphaltic concrete patched joints, primarily in the area defined as the control section. 
The pre-construction distress survey is included in Appendix B. 
Four sections 1,000-feet long were selected within the five-mile rehabilitation 
project. The four sections include an unbroken control section, in addition to test 
sections of 6-, 18-, and 30-inch breaking patterns. Each section was located in cut 
areas to minimize differences in the subgrade between cuts and fills. To allow all 
sections to remain in cut areas, they were spread over three miles of the five-mile 
project. The areas between the test sections were broken to a nominal 18- to 24-inch 
particle size according to Kentucky specifications. The final structural cross section 
for the entire project was five inches of Class K Bituminous Base and 1.5 inches of 
riding surface. The station locations of each section are given in Figure 1. 
It may be seen from Figure 1 that the inside lane of Section 1 is split by a 100-
foot section of fbll depth asphaltic concrete This full depth section was a result of 
difficulties encountered during the rolling operation after breaking. The causes of 
these difficulties and the remedial action which was taken will be discussed later in 
the report. To compensate for this loss of section length, Section 1 was extended to 
the beginning of Section 2. 
PRE-CONSTRUCTION ACTIVITIES 
Pre-Construction Distress Surveys 
An initial visual distress survey was conducted prior to the breaking operation. 
In addition, a video tape of each section was also obtained. There were no mid slab 
cracks in any section. There were several asphaltic concrete patched joints 
throughout the project. 
Edge Drain Installation 
Longitudinal edge drains were installed along the shoulder and along the 
raised median prior to the breaking operation. The edge drains were four-inch 
perforated, fabric-wrapped pipe. They were placed in a 12-inch wide trench backfilled 
with sand. The outlet spacing was approximately 250 feet. In accordance with 
Kentucky specifications, the drains were installed at least two weeks prior to 
beginning the breaking operation. 
Cross Drain Installation 
Transverse drains were also installed to provide outlets for the median drains 
and interception of ground water moving down grade. These drains consisted of four­
inch perforated fabric-wrapped pipe bedded in 8 inches of sand backfill. Trenches six­
inches wide were cut across both lanes of traffic and backfilled with #57 stone to 
within four inches of the surface. The remaining 4 inches is filled with bituminous 
material. For drains which were occurred in or near the test sections the remaining 
four inches were filled with concrete to minimize the potential of creating a stress 
relief joint within the test sections. The locations of the cross drains within each 
section are given in Table 1. 
3 
Table 1. Cross Drain Locations 
Section 
Number 
2 
3 
3 
4 
4 
-- - "" 
Approximate Location 
Between Joints 10 and 11 
Between Joints 7 and 8 
Between Joints 11 and 12 
Between Joints 9 and 10 
Between Joints 19 and 20 
Instrumentation Location Selection 
Distance from 
Start of Section 
(ft) 
500 
350 
550 
450 
950 
The SP-202 experimental design specifies instrumenting test section joints to 
monitor minimum and maximum joint openings over various temperature ranges. 
Therefore, it was desirable to instrument joints which were working prior to the 
breaking operation. Displacement gauges were affixed to the side of the PCC 
pavement under the outside shoulder after the AC overlay was placed. The 
instrumentation is protected by a metal frame box which allows access for reading 
the gauges. 
To insure working joints would be instrumented, the pre-break joint movement 
was monitored for selected joints in all sections. Movement was monitored by 
measuring the distance between chisel points with a digital caliper. These chisel 
points were located on either side of the original construction joint. Measurements 
were taken during cool (morning) and hot (afternoon) cbnditions. The analysis of 
these measurements for several temperature ranges is contained in Table 2. The 
values given in this table are in inches of joint movement, negative values indicate 
joint closing. The change in temperature (F0) for each period is given in parentheses. 
Table 2. Pre-Break Joint Movements 
Section 8/7/91 - 8/15/91 8/15/91 - 8/27/91 8/27/91 - 9/23/91 
1 (-29) 0.014 (25) -0.013 (-33) 0.012 
2 (-35) 0.014 (29) -0.015 (-34) 0.027 
3 (-30) 0.021 (16) -0.012 (-30) 0.034 
4 (-33) 0.022 (25) -0.008 (-39) 0.029 
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Based on this analysis.,__joj.nts_were selected l'lll:_instrumentation which indicated 
movement over each of the evaluation periods. Joints which indicated no movement 
were considered locked and were not instrumented. Detailed information regarding 
these pre-break joint movements is given in Appendix B. 
Potential instrumentation locations were evaluated and selected while the side 
of the slab was exposed during the edge drain installation. This was to insure the 
integrity of the side of the PCC slab. Approximately 15 potential locations in each 
section were identified and referenced by a survey crew to facilitate re-location after 
overlay. The locations of the joints eventually instrumented are given in Table 3. 
The joints instrumented are graphically depicted on the preconstruction distress 
survey in Appendix B. 
Table 3. Joint Monitoring Locations 
Box Section 
Number 6-lnch 18-lnch 30-Inch Control 
(no breaking) 
1 6137+50 6147+50 6217+00 6284+00 
2 6138+00 6148+00 6217+50 6284+50 
3 6138+50 6150+00 6218+00 6285+00 
4 6139+00 6150+50 6220+50 6286+00 
5 6139+50 6151+00 6221+00 6287+00 
6 6140+00 6151+50 6221+50 6287+50 
7 6140+50 6152+00 6222+00 6288+00 
8 6141+00 6152+50 6222+50 6288+50 
9 6141+50 6153+00 6223+00 6289+50 
10 6142+00 6153+50 6223+50 6290+50 
PCC Thickness Verification Cores 
Prior to breaking the pavement, four-inch diameter cores were taken at mid 
slab in the right wheel path at two locations in each section. These core locations 
were selected to correspond to locations used for pre-break Falling Weight 
Deflectometer (FWD) testing. These cores were taken to verifY the constructed 
thickness of the pavement structure. In addition, they were sent to FHWA's Turner 
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Fairbanks Highway Research Center to determine their thermal coefficient of 
------"'ex..,ph"a"'n""s,.I"'on...._ .. The locations of each of these cores is listed in Table 4. 
Table 4. Pre-Break Four-Inch PCC Cores 
Section Station Core Number Thickness (in.) 
1 6135+77 1-1 9.250 
6138+21 1-2 9.250 
6141+25 1-3 9.000 
2 6147+25 2-1 9.250 
6149+27 2-2 9.250 
3 6219+25 3-1 9.375 
6221+75 3-2 9.250 
4 6290+25 4-1 9.250 
6286+73 4-2 9.125 
Pavement Deflection Testing 
Pavement deflection testing was conducted using a JILS-20 Falling Weight 
Deflectometer (FWD). Tests were performed at loading levels of 9,000, 12,000, and 
15,000 pounds, and in the right wheel path of the outside lane. Tests were conducted 
at the mid panel of each slab within the section. In addition, load transfer of the 
joints was evaluated by positioning the load plate on the approach slab such that the 
joint was between Sensors 2 and 3. A second test was also conducted with the load 
plate positioned on the trailing slab with all sensors on the slab. 
CONSTRUCTION ACTIVITIES 
Activities which were conducted during the construction phase were as follows: 
monitoring of the breaking and seating operation, and FWD measurements (prior to 
breaking, after breaking before rolling and after rolling, and post breaking 
verification cores). 
The general construction sequence consisted of breaking the pavement using 
the Pile Hammer (Figure 2). This was followed by rolling using a 50-ton pneumatic 
tired roller (Figure 3). The specific breaking and rolling requirements in each section 
will be discussed in a later section. The placement of the asphaltic concrete base 
followed directly behind the rolling of the broken slab. The construction operation 
was conducted first in the inside lane throughout the full length of the project, then 
traffic control was changed and construction began on the outside lane. 
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Figure 2. Pile Hammer Pavement Breaker. 
Figure 3. 50-ton Pneumatic Tire Roller 
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Test Strips 
The breaking contractor established test strips in the inside at 
beginning of the project to determine the appropriate methods to obtain each 
breaking pattern. The only controls available on the pile hammer (to control the 
breaking effort) are the speed of movement along the pavement (spacing between 
drops) and the number of passes across the slab. 
The contractor broke and seated the driving lane of the test sections between 
September 20 and September 22, 1991. The number of passes of the breaker along 
with the number of passes of the seating roller are given in Table 5. 
Table 5. Breaking and Rolling Effort 
Section 
(Breaking 
Station 
Pattern) 
1 (6") 6132+75 - 6144+75 
2 (18") 6144+75 - 6154+75 
3 (30") 6144+75 - 6154+75 
Number Number of 
of Roller 
Breaker Passes 
Passes 
6 1 
4 3 
4 3 
The breaker appeared to be successful in achieving the six-inch breaking 
pattern. However, due to the slow travel speed required this attributed to significant 
strain on the equipment and several breakdowns occurred. Since this equipment is 
primarily utilized for breaking pavements in the 18- to 24-inch sizes, the six-inch 
pattern was out of its normal range of operation. The 18- and 30-inch sections 
produced less strain on the equipment but were more difficult to maintain uniform 
breaking throughout each section. 
To preserve the integrity of the slab edge at the construction joints which were 
to be instrumented, the contractor skipped over selected joints in the 6-inch section. 
To skip over the joints, the contractor stopped the breaker approximately three feet 
before the joint and resumed breaking approximately three feet following the joint. 
The joints which were skipped in Section 1 are given as follows. 
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Joint 
10 
12 
14 
16 
18 
Station 
6137+50 
6138+50 
6139+50 
6140+50 
6141+50 
The broken PCC pavement in the test strip, in the inside lane prior to 
the actual test sections. Cores were obtained to verifY the extent of breaking in each 
test pattern. Cores taken from the six-inch breaking pattern indicated full depth 
cracks and debonding of the wire mesh. The cores taken from the 18- and 30-inch 
sections indicated full depth cracks but full debonding form the wire mesh had not 
occurred. A video recording of each core was taken for later reference. Cores were 
taken in a similar manner in the actual test lane after breaking. The results of this 
coring will be discussed in a later section. 
Construction Difficulties 
During the rolling operation in the six-inch breaking pattern, the 50-ton roller 
punched through the broken concrete at station 6142+25 in the inside lane. The 
contractor was required to excavate a 100-foot section of this lane (station 6141+75 
to 6142+75). The contractor excavated to approximately 18 inches below the original 
PCC at the ends of the excavation and 36 inches below the PCC in the center. 
Excavation of the broken PCC revealed that while the pavement was obviously 
broken into six-inch pieces on the surface, this six-inch breaking pattern did not 
continue through the full depth. The cracks had propagated diagonally through the 
depth of the pavement instead of vertically from top to bottom. This type of breaking 
pattern produced pieces which were larger at the bottom and smaller near the top. 
The excavated area was backfilled with dense graded aggregate (DGA) up to 
the elevation of the bottom of the longitudinal edge drain. Number 57 stone was then 
placed up to the elevation of the bottom of the original PCC slab. The remainder of 
the excavated depth was backfilled with compacted asphaltic concrete base. The 
contractor did have some difficulty compacting the asphaltic concrete base. 
The length of the original 1000-foot, six-inch test section was extended 200 feet 
to the east to include the originally designated transition area separating the six-inch 
from the 18-inch test sections. The joints in the outside lane of this extended area 
were referenced for possible future instrumentation. The initial pre-break condition 
of the outside lane in this area was also noted and video taped. 
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Breaking Verification Cores 
Severru s:i.X�inch diameter cores were obtained in each section- after the concrete 
was broken and seated. These cores were obtained to evaluate the effectiveness of 
the breaking and seating operation, and to verify the presence of full depth cracks, 
and to determine the degree of de bonding of the concrete from the steel. These cores 
were taken in close proximity with selected post-break, mid-panel FWD test locations. 
Information regarding the results of this coring is given in Table 6. 
Table 6. Post Break Verification Cores 
Section Breaking Station Surface Cracked Steel 
. Pattern Crack Full Depth De bonded 
Present 
Sheared at 
6137+78 Yes Top and Yes 
1 6-inch Bottom 
6138+25 Yes Yes No 
6145+22 Yes No No 
6148+25 Yes Yes No 
2 18-inch 
6152+75 Yes Yes Yes 
6152+73 No Yes Yes 
6216+68 No Hair Line No 
3 30-inch 6221+75 Yes Hair Line No 
- 6222+89 Yes Yes Partial 
All cores revealed full depth cracking of various degrees with the exception of 
one core in the 18-inch breaking pattern. Two of the cores in Section 2 and three in 
Section 3 revealed little or no de bonding of the steel from the concrete. Surprisingly 
one core from Section 1 was not completely debonded. Photographs and video tapes 
were obtained of each core for later analysis. 
Joint Movement during Breaking Operations 
Measurements were obtained from the chisel points utilized in the analysis of 
pre-break joint movement prior to the breaking of the pavement. Subsequent 
measurements were obtained just after the breaking operation. These measurements 
were obtained in Sections 1 and 2. The joints in the six-inch breaking pattern closed 
10 
an average of 0.0144 inch while the joints in the 18-inch section closed an average 
�-------ef 0.0 400-iaffi..--'I'hese-avemge&-inc-lude all joiat&-wfriefl.-eooki-be-m�sured. Three 
joints in the six-inch section actually opened during the breaking. Two of these joints 
were skipped as was described earlier to preserve the joint condition for 
instrumentation. An average joint closure of 0.0389 inch is obtained if the joints 
which opened are eliminated from the average calculations. 
Falling Weight Deflectometer Testing (FWD) 
FWD tests were performed at the mid-point of each slab following the breaking 
process and after rolling and prior to overlay. Load levels of 6,000, 9,000, and 12,000 
pounds were used. Deflection measurements indicated considerable variability 
throughout each section. The dynamic stiffness. (load divided by the deflection 
directly under the load) for each test point in each section is given in Figures 4 
through 7. There is considerable variability from one test point to another. The 
coefficient of variation for the six-inch section is 34 percent, compared to 16 percent 
prior to breaking. This increase in variability is not unexpected since there is 
considerable variability in the breaking pattern throughout the section. The 
coefficient of variation of the dynamic stiffness also increased in each of the other 
sections: The coefficient of variation of the control (unbroken) section was 
considerably higher (38 percent) than the other sections prior to breaking. This may, 
in part, be attributed to more variable subgrade conditions in this area in addition 
to additional distress which were observed (more joints were patched with bituminous 
material). 
To evaluate the structural condition of each breaking pattern, a mean 
deflection bowl for each section was determined. Mean deflection bowls were 
calculated for each section before breaking, after breaking, after rolling, and after 
overlay. A summary of these deflections is given in Table 7. 
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6292 6293 6294 
Table 7. Deflection summary, 9,000-lb load 
- 1--!"' avementlJeflectwn (huls) ---"-- ---
Radial Distance (in.) 0 12 24 36 48 60 72 
6-inch Breaking Pattern 
Before Breaking 4.12 3.76 3.21 2.75 2.05 1.23 1.12 
After Breaking 47.88 42.83 31.35 14.15 6.80 2.32 1.28 
After Rolling 56.03 50.52 37.29 18.09 7.58 2.03 0.62 
After Overlay 9.87 9.00 5.34 3.32 2.03 0.82 0.55 
18-inch Breaking Pattern 
Before Breaking 4.48 4.10 3.34 2.54 1.97 0.96 0.90 
After Breaking 39.28 31.76 27.14 15.60 7.30 2.57 0.89 
After Rolling 44.80 36.23 32.10 19.92 7.88 1.56 0.86 
After Overlay 7.92 6.29 4.15 2.37 1.36 0.62 0.31 
30-inch Breaking Pattern 
Before Breaking 3.67 3.3 2.72 2.14 1.59 0.95 0.58 
After Breaking 13.19 11.4 8.99 6.81 5.03 3.63 2.54 
After Rolling 15.33 12.87 10.40 7.94 6.27 3.95 2.97 
After Overlay 3.37 2.67 2.14 1.64 1.22 0.60 0.58 
Control Section 
Before Breaking 5.99 5.27 4.62 3.59 2.91 2.12 1.51 
After Overlay 2.23 1.97 1.53 1.18 0.88 0.66 0.49 
Data in this table are also represented graphically in Figures 7 through 10. Each 
contains the deflection bowls before breaking, after breaking, after rolling, and after 
overlay. There appears to be an increase in deflection after rolling. This type of 
behavior was also observed on experimental sections of Interstate 71 in Kentucky and 
reported by Sharpe, Anderson, and Deen (1). These authors reported that deflections 
increase with initial passes of the roller then stabilize with additional roller passes 
(three to four passes). 
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This also illustrates the ratio of after-break deflections to before-break 
deflections decreases with increase in particle size. This trend is as expected since 
the larger particle sizes provide for a stiffer pavement structure. 
Load transfer measurements were also obtained prior to the breaking 
operation. The FWD was positioned so the joint was located between Sensors 2 and 
3. This configuration provided for the load to be applied approximately 18 inches 
from the joint. Deflection measurements were obtained approximately six inches on 
each side of the joint. Load transfer is defined as the ratio between Sensors 3 and 
2. A ratio of 1.0 would indicate 100 percent load transfer. The results of this 
analysis are given in Table 9. The reported values are the average load transfer for 
loading levels of 9,000, 12,000, and 15,000 pounds at each joint. 
Table 8 Load Transfer Efficiency 
Section 
Joint 6-inch 18-inch 30-inch ContrOl 
Number 
Station Load Station Load Station Load Station Load 
Transfer Transfer Transfer Transfer 
1 6137+50 0.83 6147+50 0.65 6217+00 0.77 6284+00 0.76 
2 6138+00 0.86 6148+00 0.67 6217+50 0.85 6284+50 0.64 
3 6138+50 0.88 6150+00 0.42 6218+00 0.65 6285+00 1.00 
4 6139+00 0.81 6150+50 0.54 6220+50 0.80 6286+00 0.96 
5 6139+50 0.85 6151+00 0.56 6221+00 0.80 6287+00 0.70 
6 6140+00 0.85 6151+50 0.56 6221+50 0.71 6287+50 0.99 
7 6140+50 0.60 6152+00 0.44 6222+00 0.93 6288+00 0.60 
8 6141+00 0.90 6152+50 0.46 6222+50 0.55 6288+50 0.40 
9 6141+50 0.86 6153+00 1.00 6223+00 0.57 6289+50 1.00 
10 6142+00 0.87 6153+50 0.60 6223+50 0.58 6290+50 0.83 
Joints in Table 8 which have high load transfer may indicate joints which are 
frozen and are not working. These data, along with the joint movement data 
obtained before breaking will be analyzed to determine if these joints are frozen. If 
it is determined that joints were not working prior to breaking, then subsequent data 
taken after breaking may not reflect the actual movements associated with various 
breaking patterns. 
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AC OVERLAY 
The paving schedule of each of the test sections is given in 
thickness verification cores were obtained from each test section. The thickness 
measurements of each core are also listed in Table 9. 
Table 9. AC Overlay Summary 
Section Class K Base Course Surface Course Thickness Verification 
Cores 
Date Thickness Date Thickness Station Thickness (in.) 
(in.) (in.) . 
6135+75 6.50 
1 9/25/91 5 10/11/91 1.5 6138+25 5.75 
6141+75 6.75 Avg (6.33) 
9/25/91 6145+22 6.75 2 5 10/11/91 1.5 6147+75 7.00 
6149+27 6.75 Avg (6.86) 
6217+25 8.25 
3 9/26/91 5 10/11/91 1.5 6219+25 7.25 
6221+75 7.12 Avg (7.54) 
6286+75 7.12 
4 9/27/91 5 10/11/91 1.5 6278+75 7.00 
6290+25 ---- Avg (7.06) 
Test specimens were prepared from these cores and indirect tension resilient modulus 
test were conducted by the FHWA Turner Fairbanks Research Laboratory. The cores were 
broken into 3 specimans, one from the surface course and 2 from the base course. The 
results were as follows: 
Temperature 
Sample 4P 7P 104° 
Surface 843,000 88,400 19,100 
Base, Top 1,654,000 247,600 45,700 
Base, Bottom 1,236,000 149,300 35,000 
The results for each core along with the asphaltic concrete mix designs for both the surface 
and base courses are given in Appendix D. 
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INSTRUMENTATION 
A total of 40 mechanical crack monitoring gauges and supporting access 
(10 in each of the four sections) along with two bi-metal minimum/maximum 
thermometers (one each in Sections 1 and 2) were installed. The gauges and access 
boxes were installed after the shoulder had been paved to final grade. The exact 
location of each joint was referenced by a survey crew prior to overlay. 
A diagram of the monitoring gauge assembly is shown in Figure 11. As the 
underlying PCC slab expands and contracts with thermal variations in slab 
temperature, the gauge remote arm pushes and pulls the pins from their original 
settings. By recording the original positions relative to a reference pin at the 
beginning and end of a monitoring period, the minimum, current, and maximum joint 
opening over a monitoring period can be calculated. 
ASSEMBLED CRACK MONiTOR GAUGE 
Reference Point Moving Arm Right Marker 
Optional Mounting Holes Optional Mounting Holes 
Left Marker 
UJ:!:!�· 
Moveable Marker 
Figure 11. FHWA Monitoring Gauge. 
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The contractor began excavation for the access boxes on December 10, 1991. 
Gauge installation was completed over the next three days as excavation progressed. 
The contractor sawed the pavement and removed the pavement and underlying 
materials using a jack hammer and hand tools. A hole was excavated that was 30-
inches long, 14-inches wide, and 16-inches deep for placement of the access box. Once 
the edge of the PCC slab was exposed, the displacement gauges were affixed to the 
edge of the slab with epoxy. A concrete pad was poured in the bottom of each hole 
to support the access box. The contractor then continued to place concrete around 
each access box. 
Short sections of PVC pipe were inserted vertically through the bottom of each 
box into the top of the perforated pipe edge drain. To prevent water and ice build-up 
in the bottom of the box. 
L VDT Instrumentation 
As a supplement to the FHWAjoint monitoring, the Kentucky Transportation 
Cabinet funded instrumenting joints to monitor continuous movement over a given 
period of time. The Kentucky Transportation Center, at the University of Kentucky 
developed a procedure to measure the joint movement using Linear Variable 
Differential Transformers (LVDT's). Initially, LVDT's were located in slots cut across 
the old construction joints, approximately two inches below the surface of the original 
pavement. These instruments were installed prior to the AC overlay. 
Two joints were instrumented in the 18-inch breaking pattern along with one 
in the six-inch breaking pattern. These instruments provided very good initial 
movements of the broken concrete joint. However, since that time, two of the LVDT's 
have failed. LVDT's subsequently were mounted on the side of the broken concrete 
slab below the FHWA monitoring gauge. Currently, one joint is being monitored in 
each section. Pavement temperature measurements are also being obtained at three 
depths in the concrete of the control section. A report detailing data collected from 
the continuously monitored joints will be issued at a later date. The locations of the 
LVDT's are as follows: 
6-inch Breaking Pattern 
18-inch Breaking Pattern 
30-inch Breaking Pattern 
Control Section 
Displacement Readings 
6137+50 
6153+50 
6222+00 
6289+50 
The displacement and temperature gauges were set, read and recorded on 
December 13, 1991. Initial displacement gauge measurements were taken using an 
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Electronic digital caliper with readings to the nearest 0.0005 inch. Multiple 
-----�m�e"'a"'s"'ur""'em�ents of the width of the remote arm, the diameter of the left pin, and the 
distance from the reference pin to the near and far pins were recorded and averageu.------ - ­
The multiple readings generally varied by less than 0.003 inch. 
As a check on measurement accuracy, the direct measurement of the distance 
from the reference pin to the far pin was compared to the computed distance 
(determined by adding the width of the left movable pin and the remote arm to the 
distance from reference pin to the near moveable pin). The difference between the 
directly measured and computed distance ranged from -0.0017 inch (computed 
distance larger than direct measurement) to 0.0210 inch (computed distance smaller). 
The arithmetic mean was 0.0053 inch, with a standard deviation of 0.0054 inch. 
A similar analysis conducted on West Virginia (WV) and Ohio (OH) data 
resulted in similar standard deviations. In WV and OH, the arithmetic mean of 
0.0005 inch was much closer to zero. This is the anticipated mean associated with 
random error. In Kentucky, nearly all direct measurements were higher than 
computed readings. If this is not attributed to random error, the operational 
characteristic of the gauge would indicate that either the pins were not tightly closed 
or that the far pin moved during measurement. 
To evaluate the significance of the potential measurement errors, the 
anticipated maximum movement of the instrumented joints over a 100 degree 
temperature range was computed. For an unbroken control section, the thermal 
coefficient was assumed to be 5.5 x 10-6 inch/inch per degree Fahrenheit, and a 50-foot 
joint spacing was assumed. For the six-inch and 18-inch breaking patterns, the 
preliminary data obtained from the L VDT's were used. The results of this analysis 
are given in Table 10. 
Table 10. Estimated Joint Movements 
Section Breaking Projected Change (in.) Source of 
Pattern 
50 Fe 100 Fe 
Estimate 
1 6-inch 0.0048 0.0095 LVDT Data 
2 18-inch 0.0167 0.0333 LVDT Data 
4 No Breaking 0.1650 0.3330 Thermal 
Coefficient 
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It is clear from Table 10 that potential measurement errors in the range of± 
-----�0:.::.0:.::0=-=3=-=in=c"' h�wi.ll have negligible effect on the control section over large temperature 
ranges. The impact of potential measurement errors increases significantly, however, 
as the break pattern diminishes in size and the temperature range narrows. 
In the first round of displacements obtained in Kentucky, there are several 
joints with measurement variations in excess of 0.0100 inch. The first round of data 
from these gauges should be. omitted from the first monitoring period analysis. 
Follow-up readings were taken in the spring and fall of 1992 and will be taken 
annually for the following four years. Kentucky will collect FWD deflection data at 
the same time. Visual surveys also will be conducted for the fall of the next four 
years. 
SUMMARY AND CONCLUSIONS 
The SP-202 experimental features were successfully incorporated into this 
project through the assistance of many individuals and various organizational units. 
The displacement gauges are working; i.e. horizontal movement is being 
detected. The limited displacement data collected to date preclude preliminary 
findings or conclusions on the relative performance of the test sections. The early 
displacement gauge data have been organized for future analysis once more data 
become available. 
Initially, information will be limited due to the extended data collection periods 
and the nature of the research. This research is based on a function of time and 
temperature and there effects on the movement of the broken and seated concrete 
layer. This movement produces the reflective cracking which is typically observed in 
this type of rehabilitation. By evaluating the long-term performance of these 
sections, the effects of the various breaking patterns can be evaluated. 
Detailed analysis of the FWD deflection data will be included in subsequent 
reports. The results obtained from the LVDT, joint monitoring will be documented 
in a separate report. 
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Appendix A 
Traffic Loading Summary 
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Appendix B 
Distress Surveys 
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Distress Survey Section 1 
6135+00 6137+50 
6134+50 6137+00 
6134+00 6136+50 
6133+50 6136+00 
6133+00 6135+50 
6132+75 
START 
6135+00 
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Section 1 Cont. 
6140+00 6142+50 
6139+50 6142+00 
6139+00 6141+50 
1 Cracked and 
Spalled Joint 
High Steel 
0 6138+50 6141+00 
6138+00 6140+50 
! 6137+50 6140+00 
27 
Section 1 Cont. 
6144+75 
END 
6144+50 
6144+00 
6143+50 
6143+00 
6142+50 
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Distress Survey Section 2 
614 7+00 6149+5U 
"-
� 
0 
\ 
High Steel 
6146+50 6149+00 
/\ 6146+00 
High � 
6148+50 
� � 
6145+50 6148+00 
Spa lied 
I 6145+00 614 7+50 
\ 
� 6144+75 
START 
614 7+00 
-· 
29 
Section 2 Cont. END 6154+75 
6152+00 . 6154+50 
� 
6151+50 6154+00 
� 
"' 6151+00 6153+50 
\._ 
6150+50 6153+00 
6150+00 6152+50 
� � 
( 6149+50 6152+00 
30 
Distress Survey Section 3 
6217+50 6220+00 
/""\ 6217+00 6219+50 
6216+50 1\ 6219+00 
\_ � 
6216+00 
I� 
� 6218+50 
6215•50 � 6218+00 
� 
6215+25 
START 
6217+50 
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Section 3 Cont. END 6225+25 
6222+50 6225+00 
� � 6222+00 6124+50 
6221+50 6224+00 
High Steel 
G 
6221+00 � �palling 6223+50 
\__ v 
6220+50 6223+00 
6220+00 6222+50 
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Distress Survey Section 4 
6285+50 6288+00 
'--� 
I� 
� 
Cross Drain 
6285+00 6287+50 
6284+50 (' 
--' 
\ 6287+00 
\ _) 
6284+00 6286+50 . 
6283+50 6286+00 
6283+25 
START 
/ 6285+50 
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Section 4 C ont. END 6293+25 
6290+50 6293+00 
---------
� Cross Drain 
6290+00 6192+50 
� 
1---
6289+50 6292+00 
� 
6289+00 6291+50 
6288+50 6291+00 
6288+00 6290+50 
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Appendix C 
Pre-Break Joint Movement Results 
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Table C.1 Section 1, 6-inch Breaking Pattern 
Joint Reading (in.) Joint Reading (in.) Joint Reading (in.) Joint Readi g (in.) 
After Breaking Before Bre king 
Joint Dill. Dill. 9/23/91 Dill. 9/24/91 Dill. 
Number Station 65 65 
1 6133+00 
2 6133+50 
3 6134+00 
4 6134+50 5.3160 5.3280 0.0120 5.3170 -0.0110 5.3180 0.0010 
5 6135+00 5.0780 5.1170 0.0390 5.0940 -0.0230 5.0950 0.0010 5.0830 -0.0120 
6 6135+50 4.6275 4.6260 0.0000 4.6215 -0.0045 4.6290 0.0075 4.6070 -0.0220 
7 6136+00 5.2070 5.2130 0.0060 5.2165 0.0000 5.2240 0.0075 5.1710 -0.0530 
8 6136+50 4.7530 4.7560 0.0030 4.7470 -0.0090 
9 6137+00 5.0745 5.0765 0.0020 5.5300 0.0000 5.0520 0.0000 5.0030 1-0.0490 
10 6137+50 5.3100 5.3650 0.0550 5.3230 -0.0420 5.3580 0.0350 5.3060 -0.0520 
11 6138+00 5.4800 5.4850 0.0050 5.4750 -0.0100 5.4880 0.0130 
c.:> 12 6138+50 5.1635 5.1735 0.0100 5.1650 -0.0085 5.1840 0.0190 5.2880 0.1040 
0"> 13 6139+00 4.6875 4.6960 0.0085 4.6740 -0.0220 4.6830 0.0090 4.6385 -0.0445 
14 6139+50 4.9935 5.0090 0.0155 4.9990 -0.0100 5.0030 0.0040 4.9590 -0.0440 
15 6140+00 4.9710 4.9770 0.0060 4.9690 -0.0080 4.9780 0.0090 4.9965 0.0185 
16 6140+50 4.7875 4.7950 0.0075 4.7910 -0.0040 4.8090 0.0180 
17 6141+00 4.5845 5.1025 0.0000 5.0990 -0.0035 5.1010 0.0020 5.0680 -0.0330 
18 6141+50 5.0775 5.0765 0.0000 5.0730 -0.0035 5.0850 0.0120 5.1200 0.0350 
19 6142+00 5.0725 5.0725 0.0000 5.0720 -0.0005 5.0810 0.0090 5.0710 -0.0100 
20 6142+50 4.9150 4.9750 0.0600 4.9240 -0.0510 4.9540 0.0300 4.8850 -0.0690 
AVERAGE 0.0135 -0.0124 0.0104 1-0.0144 
Negative numbers indicate joint closing. 
Table C.2 Section 2, 18-inch Breaking Pattern 
Joint Reading (in.) Joint Reading (in.) Joint Reading (in.) Joint Reading (ln.) 
Before Breaking After Breaking 
Joint 817/91 8115/91 Dill. 8127191 Dill. 9/23191 Dill. 9/23191 Di,,. 
Number Station (105) (69.8) (in.) (98.6) (in.) (65) (in.) (68) orl. l 
1 6145+00 
2 6145+50 4.9605 4.9870 0.0265 4.9850 -0.0020 4.9865 0.0015 4.9510 -0.0355 
3 6146+00 
4 6146+50 4.3380 4.3450 0.0070 4.3300 -0.0150 4.3370 0.0070 4.3295 -0 9075 
5 6147+00 5.2780 5.2850 0.0070 5.2710 -0.0140 5.2820 0.0110 ----
6 6147+50 4.6760 4.6790 0.0030 4.6690 -0.0100 4.7040 0.0350 4.6595 -0�9�45 
7 6148+00 5.4170 5.4220 0.0050 5.4040 -0.0180 5.4330 0.0290 ----
8 6148+50 
-0
-
�40 9 6149+00 5.2820 5.2970 0.0150 5.2720 -0.0250 5.2990 0.0270 5.2750 
10 6149+50 -+ 11 6150+00 5.2800 5.2910 0.0110 5.2810 -0.0100 5.2370 0.0000 ----"" 12 6150+50 4.3300 4.3340 0.0040 4.3280 -0.0060 4.3570 0.0290 -----..1 13 6151+00 4.9030 4.9160 0.0130 4.8970 -0.0190 4.9220 0.0250 4.8890 
14 6151+50 5.1600 5.1840 0.0240 5.1720 -0.0120 5.2200 0.0480 5.1600 
15 6152+00 4.7720 4.7730 0.0010 4.7550 -0.0180 4.7820 0.0270 4.7550 
16 6152+50 4.8040 4.8200 0.0160 4.8030 -0.0170 4.8390 0.0360 
17 6153+00 4.9260 4.9690 0.0430 4.9390 -0.0300 4.9770 0.0380 4.8590 -0.�80 
18 6153+50 4.8410 4.8600 0.0190 4.8480 -0.0120 4.8900 0.0420 4.7930 -0. 70 
19 6154+00 4.7870 4.8060 0.0190 4.7880 -0.0180 4.8870 0.0990 4.8870 
20 6154+50 
AVERAGE 0.0134 -0.0160 0.0303 
Negative Numbers indicate joint closing. 
Table C.3 Section 3, 30-inch Breaking Pattern 
Joint Reading (in.) Joint Reading (in.) Joint Reading (in.) 
Joint 8n/91 8/15/91 Dill. 8/27/91 Diff. 9/23/91 Diff. 
Number Station (109) {79) (in.) (95) (in.) {65) (in.) 
1 6215+50 
2 6216+00 
3 6216+50 4.8490 4.8520 0.0030 4.8960 0.0000 4.8730 0.0000 
4 6217+00 6.2110 6.3450 0.1340 6.3110 -0.0340 6.3320 0.0210 
5 6217+50 5.5410 5.5970 0.0560 5.5720 -0.0250 5.6500 0.0780 
6 6218+00 6.2160 6.2870 0.0710 6.2460 -0.0410 6.3070 0.0610 
7 6218+50 4.3590 4.3560 0.0000 4.3630 0.0000 4.3550 0.0000 
8 6219+00 5.8530 4.6420 0.0000 4.6010 -0.0410 4.6620 0.0610 
"" 9 6219+50 4.6950 4.7120 0.0170 4.7040 -0.0080 4.7590 0.0550 00 
10 6220+00 4.8340 4.8360 0.0020 4.8220 -0.0140 4.8610 0.0390 
11 6220+50 4.6420 4.6660 0.0240 4.6530 -0.0130 4.6930 0.0400 
12 6221+00 5.2700 4.2820 0.0000 5.2700 0.0000 5.3160 0.0460 
13 6221+50 4.6720 4.7190 0.0470 4.7070 -0.0120 4.7430 0.0360 
14 6222+00 4.3150 4.3400 0.0250 4.3300 -0.0100 4.3500 0.0200 
15 6222+50 4.6630 4.6800 0.0170 4.6690 -0.0110 4.7100 0.0410 
16 6223+00 4.6450 4.6510 0.0060 4.6350 -0.0160 4.7100 0.0750 
17 6223+50 4.9220 4.9210 0.0000 4.9210 0.0000 4.9820 0.0610 
18 6224+00 4.2690 4.2810 0.0120 4.2780 -0.0030 4.3130 0.0350 
19 6224+50 
20 6225+00 
AVERAGE 0.0259 -0.0142 0.0418 
Negative Numbers indicate joint closing. 
Table C.4 Section 4, Control (no breaking) 
Joint Reading (in.) Joint Reading (in.) 
Joint 8/7/91 8/15/91 Diff. 8/27/91 Diff. 9/23/91 Diff. �I 
Number Station (112) . (79) (in.) (1 04) (in.l (65) (in.) I 
1 6283+50 I 
2 6284+00 4.6500 4.6820 0.0320 4.6550 -0.0270 4.7160 0.0610 
3 6284+50 4.6730 4.6950 0.0220 4.6750 -0.0200 4.6660 0.0000 
4 6285+00 4.6000 4.6460 0.0460 4.6300 -0.0160 4.7020 0.0720 
5 6285+50 
6 6286+00 5.6755 5.6900 0.0145 5.6890 -0.0010 5.0650 0.0000 
7 6286+50 5.0645 5.0700 0.0055 5.0700 0.0000 
8 6287+00 5.0540 5.1010 0.0470 5.1000 -0.0010 5.1350 0.0350 
"" 9 6287+50 5.0555 5.0830 0.0275 5.0780 -0.0050 5.0970 0.0190 <0 
10 6288+00 4.6445 4.6510 0.0065 4.6630 0.0120 
11 6288+50 4.8275 4.8550 0.0275 4.8320 -0.0230 4.8810 0.0490 
12 6289+00 
13 6289+50 5.1585 5.1720 0.0135 5.1730 0.0010 5.1860 0.0130 
14 6290+00 
15 6290+50 4.8940 4.9390 0.0450 4.9400 0.0010 4.9240 0.0000 
16 6291+00 
17 6291+50 5.1840 5.1960 0.0120 5.1880 -0.0080 5.1950 0.0070 
18 6292+00 
19 6292+50 5.6735 5.6750 0.0015 5.6660 -0.0090 5.6650 0.0000 
20 6293+00 5.2400 5.2495 0.0095 5.2310 -0.0185 5.2780 0.0470 ' 
AVERAGE 0.0213 -0.0056 0.0253 
Negative Numbers indicate joint closing. 
Appendix D 
Asphaltic Concrete Mix Design 
40 
Table D 1 Asphaltic Concrete Mix Design 
----
Unit Weight 
Layer 
(lb/ft3) 
Surface 145.6 
Class K 152.6 
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Table D.2 Asphaltic Concrete Resilient Modulus Results 
�-� .... -... ·--�-.. ---- l.�:sphaltie 8orict ete-He-s+lient-Motltthts-fkst)----�------ --.... 
41 77 104 
Sample Base Base Base 
Surface Surface Surface 
Top Bottom Top Bottom Top Bottom 
1-2 794.1 2,093.9 --- 94.1 209.3 --- 23.1 36.5 ---
1,062.2 1,538.8 --- 66.5 221.4 --- 18.5 40.2 ---
1-1 --- 1336.9 --- --- 201.8 --- --- 45.2 ---
--- 1486.7 --- --- 196.5 --- --- 37.9 ---
1-3 --- 1,360.6 1,227.5 --- 180.0 150.8 --- 40.3 35.1 
--- 1,215.4 1,286.7 --- 156.7 140.7 --- 30.4 28.6 
2-1 714.2 1,731.2 --- 84.5 285.9 --- 18.4 58.1 ---
828.0 1,938.8 --- 77.5 282.0 --- 14.9 45.8 ---
2-2 --- 1,361.7 --- --- 304.3 --- --- 63.7 ---
--- 1,533.9 --- --- 290.7 --- --- 53.9 ---
2-3 --- 1,711.6 1,378.8 --- 271.2 175.8 --- 48.4 38.9 
--- 1,581.6 1,184.4 --- 231.6 163.9 --- 38.9 34.4 
3-1 --- 1,518.4 --- --- 272.1 --- --- 54.9 ---
--- 1,497.6 --- --- 243.1 --- --- 46.0 ---
3-2 855.3 1,844.4 1,388.2 103.7 254.1 184.4 19.5 41.3 37.8 
853.6 1,916.4 1,317.0 97.8 224.7 211.9 19.4 33.7 35.0 
4-1 779.8 1,682.7 1,045.9 96.3 295.4 125.1 20.6 48.5 31.9 
858.6 1,908.1 942.8 86.3 263.9 108.0 18.3 43.4 43.9 
4-2 --- 2,002.4 1,264.0 --- 283.8 127.6 --- 59.8 24.2 
--- 1,826.5 1,320.2 --- 282.3 104.0 --- 45.3 39.8 
Average 843.23 1,654.38 1,235.55 88.34 247.54 149.22 19.09 45.61 34.96 
Standard 
94.71 242.26 136.16 11.38 Deviation 41.52 33.10 2.17 8.65 5.41 
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